The process of starch degradation in leaves in the dark is very poorly understood. Neither the enzymes involved nor the major factors controlling the process are known with certainty. We are using Arabidopsis as a model sys tem in which to study starch degradation. This species has many advantages for such a study. First, genes encoding putative starch-degrading enzymes can be discovered from the genome sequence, and knock-out mutants for each can be obtained.'' Second, populations of mutated plants can be screened for impaired ability to degrade starch simply by staining decolourised leaves with iodine at the end of the night.2,3) Genomic resources allow the mutated gene to be identified with relative ease. Third, the diurnal cycle of starch synthesis and degradation in leaves allows starch degradation to be studied alongside starch synthesis in a short space of time. Starch synthesis and degradation can be tightly controlled and easily manipulated by changing environmental conditions, and followed in detail via pulse chase experiments with 14C-labelled carbon dioxide. 4,5' In this article we review the challenges in understand ing the pathway of degradation and the means by which it is regulated, and discuss results from our studies of Arabi dopsis that shed new light on the process. only those enzymes likely to be located in the chloroplast, several different pathways are possible. It is also entirely possible that proteins other than members of the ƒ¿-amylase family and starch phosphorylase are necessary for starch degradation.
To discover which proteins are necessary for starch degradation we are obtaining and characterising knock-out mutants for all of the putative starch-degrading enzymes predicted to be plastidial, and searching for novel proteins necessar for starch degradation by screening mutagenised populations of Arabidopsis for plants with reduced rates of starch degradation. Below we discuss our present un derstanding of the proteins involved in the three steps of starch degradation.
1) The initial attack. It is widely believed that the initial attack on leaf starch granules involves hydrolysis via endoamylases.7-9) En zymes of this type can hydrolyse ƒ¿-1,4 linkages within large glucan molecules. The Arabidopsis genome contains only one ƒ¿-amylase currently predicted to be plastidial, making this enzyme a prime candidate for the initial at tack on the granule. We recently obtained knock-out mu tants in which transcription of this gene is eliminated, and confirmed that both protein and activity are absent. Sur prisingly, preliminary analyses show that the mutant plants have essentially normal rates of starch degradation at night. The initial attack on the granule must thus be catalysed either by other enzymes of the ƒ¿-amylase fam ily, or by an enzyme or enzymes as yet unidentified. New information that may have an important bearing on the initial attack on the granule has recently been pro vided by study of a mutant unable to degrade starch at night. Mutations at the sex 1 locus result in very large ac cumulations of starch in the leaf. The mutation has been mapped to a gene encoding a homologue of the potato R1 protein,10) recently shown to be a starch-water dikinase re sponsible for the phosphorylation of glucose residues on amylopectin."'12' Consistent with this, sex 1 mutants have very few or no phosphate groups in amylopectin whereas in normal leaf starch about one glucose residue in 1000 is phosphorylated, on either the 3 or the 6-position.10) The simplest interpretation of the starch-accumulation pheno type of sex 1 mutants is that either the R1 protein itself or the phosphate groups of amylopectin are necessary for the action of an enzyme catalysing the initial attack on the granule. The significance of this unexpected layer of com plexity in the process of starch degradation is not yet clear.
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